We present and discuss observations regarding the results of the serum iron determination as seen in various surveys. The reference method proved to score different in our hands judging on the performance in the Dutch and German quality assessment schemes. Furthermore, it is clear and frustrating that these scores, representing the most accurate results, are becoming more and more labeled "out of acceptable range".
Introduction
In the last two decades numerous reports on the analytical aspects of the determination of serum iron have been published. These concern mainly the simplification of many procedures, the development and application of new chromogens and the adaptations to various instruments. A step forward, unfortunately not always used in the many reported comparisons, was the introduction of the reference method by the International Committee for Standardization in Haematology (ICSH) in 1978 (1) . A rough consensus of several reports indicates that values obtained with this method are elevated by 0-10%. This is illustrated by the three recent reports presented in table 1. The differences are assumed to be related to the removal of iron from transferrin, the release of iron from haemoglobin, the precipitation of hydrolysed ferric hydroxyde and the chelation of copper and zinc (2) (3) (4) .
In the early eighties we decided to introduce the reference method in our laboratory for routine purposes. Participation in the quality control programmes (5, 6) of the Dutch Quality Assessment Foundation (SKZL) followed, and to our surprise they revealed greater differences between our results and the consensus values than expected. Figure 1 shows the results of the years 1986 to 1990. We tried to find an explanation for this phenomenon. The use of various standard preparations, commercial and home-made (iron wire and ferrous salts) did not re- An example of our satisfaction with the performance of our routine method is given by the results obtained with the last lots of these control samples. Over a period of 39 days we found an average value of 23.9 μιηοΐ/ΐ with a standard deviation of 1.1 μπιοΐ/ΐ (stated true value 23.7 ± 1.0 μπιοΐ/ΐ) for the low concentration, and 39.8 μιηοΐ/ΐ (S.D. 1.4 μιηοΐ/ΐ) (stated true value 40.1 + 1.0 μιηοΐ/ΐ) for the high concentration.
In 1990 the production of these sera unfortunately stopped. For various reasons, including the assessment of our serum iron determination, we decided in 1989 to participate in the control scheme of the German Society for Clinical Chemistry. The result were surprising. These are shown for the years 1990, 1991 and 1992 in figures 2 and 3, in which a method involving deproteinization is compared with a nondeproteinization method. A more thorough study was therefore needed, and this is presented below. 
Materials and Methods

Materials
All chemicals were obtained from Merck (Darmstadt, Germany).
Patient serum samples were chosen at random from various departments in our hospital.
Quality control specimens were from the Dutch Quality Assessment Foundation (Dr. H. Baadenhuijsen, Nijmegen) and the German Reference Institution (Prof. Dr. G. R hle, Bonn) and were used in various surveys.
Methods
Our method for routine serum iron is the same as that published as a reference method (1).
The atomic absorption spectrometry (AAS) method for iron represents a conventional application of the instrument. Briefly, β serum is diluted 100-^fold with demineralized water, ashed at Ί100 °C and atomized at 2100 °C in a furnace and measured at 248.3 nm. »» The commercial test, iron without deproteinization, was obtained from Boehringer Mannheim GmbH (Germany), catalogue number 759422.
Instrumentation
All coloriinetric measurements were done with a Philips PU 8700 ultraviolet/visible spectrophotometer and the AAS measurements with a Philips PU 9200 X atomic absorption spectrometer.
Statistics
For statistical evaluation we used the method of Passing & Bab/ok (9) . 
Results
As comparison methods we chose a procedure based on atomic absorption spectrometry and a colorimetric method without protein precipitation (see Materials and Methods). The graph in figure 4 compares the results obtained with the reference method and the atomic absorption spectrometric method, using nonicteric and non-haemolytic patient samples. Part of this set of patient samples was also analysed with the colorimetric method (see fig. 5 ).
Finally, we analysed 21 commercial quality control samples with both colorimetric methods i. e. the precipitation and the non-precipitation method (see fig. 6 ).
Discussion
From our own internal quality control system, we knew that we had routinely applied a stable and precise iron determination over the years. The procedure was time consuming compared with automated methods but satisfying. Its accuracy has often been a matter of debate in relation to the results of surveys. At first, the control samples of the Dutch Institute for Public Health proved to be of great value, and the results from these reassured us (see Introduction). Later, this feeling was supported by the results obtained with atomic absorption spectrometry (see fig. 4 ). Nevertheless, at the end of the eighties, we became more and more isolated in the scoring system of the External Dutch Quality Control System. Knowing that we used the best available method in terms of accuracy, and also knowing that our precision was excellent, we were still "punished", the majority of participants using methods without deproteinization. Participation in the German scheme made this matter even worse, as can be seen in figures 2 and 3.
Our unsatisfactory feelings were also supported by the results depicted in figure 6 . In our opinion, the rather large scatter is due to the matrix of the commercial samples. Eight of the 21 samples were icteric and/or turbid, and these factors generally influence the results of non-precipitation methods. It is difficult to determine the effect of such influences in survey results.
It was encouraging to read the recent article of Tietz et al. entitled: "Are clinical laboratory proficiency tests as good as they can be*" (7). It is beyond the scope of our article to discuss this matter here, but it also describes, for example, the unsatisfactory relationship between the determination of serum iron and proficiency testing.
All our practical work was finished when the article of Tietz et al. appeared. Since Tietz et al. do not present practical evidence or literature references, it is not easy to perform a quantitative comparison of our respective experiences. Nevertheless, we fully agree with their plea for the use of reference methods, which is in accordance with the experience of quality control in Germany (8).
It is not clear why the results of the German Quality Assessment Scheme differ so much from the Dutch (figs. 1, 2 and 3). We assume that it is related to the method of comparison. In The Netherlands a consensus value is used for performance evaluation, while in Germany peer comparison is applied for serum iron. In the context of the German scheme we only used two sets of data: results obtained with a precipitation method and those with a non-precipitation method. It is surprising that the precipitation method always gives lower results than the non-precipitation method in the peer group (see fig. 7 ). It is also surprising that the results obtained with the precipitation method used by the peer group differ so much from ours. Ultimately, the reference method is also a precipitation method.
In summary, we have at the moment no practical solution for this dilemma. We still feel that our analytical performance is good. For the future, we advocate a clear reference system for serum iron, supported by samples with reference method-based iron values. This means that choices are necessary. The first choice has already been made: a reference method does exist. The question arises as to how the method principle can be applied for both precipitation and non-precipitation methods. This depends on the development of well characterized reference samples, and it may mean that these samples must have a human serum matrix. In this way it should be possible to assess methods and thus circumvent problems of the kind described above.
